SUMMARY Fibrinogen concentrations were determined in normal plasma and in plasma from patients with high and low levels. There was a good correlation between the results of a rapid semi-quantitative fibrinogen titre technique and those of a quantitative assay of coagulable fibrinogen. In normal subjects fibrinogen levels were not significantly influenced by taking blood into epsilon aminocaproic acid (EACA) or by the addition of protamine to plasma. In patients with the defibrination syndrome in whom increased plasma fibrinolysis was not detected, fibrinogen levels were not affected by taking blood into EACA but considerably increased levels were observed after the addition of protamine to plasma. In patients undergoing thrombolytic therapy the fibrinogen levels measured were increased both in blood taken into EACA and in plasma containing protamine. It is suggested that EACA acted by preventing lysis in vitro whilst protamine counteracted abnormal fibrin polymerization. The pattern of results may be of diagnostic importance.
The acute defibrination syndrome is an acquired haemorrhagic disorder associated with reduced levels of plasma fibrinogen. It may occur in a number of clinical conditions and is thought to be due to intravascular activation of the coagulation or fibrinolytic systems. Many patients have thrombocytopenia, and it seems likely that activation of coagulation is the primary event but in thrombolytic therapy hyperplasminaemia occurs. In either case fibrin or fibrinogen breakdown products may interfere with the polymerization of the fibrin monomer. This not only contributes to the bleeding tendency but may also affect coagulation tests, particularly the estimation of fibrinogen. Furthermore, lysis of fibrinogen may occur in vitro, in samples obtained for analysis, thus leading to erroneously low results. In order to prevent this, Nilsson and Olow (1962) took blood into EACA, a potent inhibitor of the fibrinolytic system.
Protamine sulphate accelerates the thrombinfibrinogen reaction even in normal plasma. In the defibrination syndrome the addition of protamine to plasma tends to counteract the abnormal polymerization of fibrin. Fibrinogen values determined in the presence of protamine then tend to be higher than those observed in its absence (Bloom and Campbell, Received for publication 15 October 1970. 1965; Bloom, Boyns, and Wingfield, 1968) and it is possible that this information may be of diagnostic value. The fibrinogen titre method (Sharp, Howie, Biggs, and Methuen, 1958) has been widely used as a rapid semiquantitative method for the determination of plasma fibrinogen. Sharp and Eggleton (1963) modified this technique to provide evidence of activation of the fibrinolytic system in vivo. Little information is available, however, concerning the correlation of the fibrinogen titre technique with the conventional quantitative assay of coagulable fibrinogen. The object of this paper is to demonstrate this correlation and to determine the effect of the addition of EACA or protamine sulphate on the estimation offibrinogen in normal and pathological plasma samples. Calcium has been reported to improve abnormal thrombinfibrinogen reactions (Astrup, Brakman, and Nissen, 1965) and the effect of the addition of calcium chloride on fibrinogen determination was also studied. It will be shown that the results of the fibrinogen titre technique correlated with those of the assay of thrombin-coagulable fibrinogen and that with the addition of protamine or EACA a pattern of results emerged which may be of diagnostic importance.
Materials and Methods
Nine parts of blood were taken into 1 part of 3-8 % w/v trisodium citrate and plasma obtained by centrifuging at 3,000 rpm for 10 minutes.
FIBRINOGEN TITRE
This was performed by the method of Sharp et al (1958) . Sevenfold doubling dilutions of 0 5 ml plasma were prepared in 0-9 % saline to give a range of 1:2 to 1:128. The plasma dilutions were clotted at 37°C with 0-1 ml human thrombin, 25 units per ml (Fibrindex, Ortho) , and the highest dilution of plasma containing clot (fibrinogen titre) was noted after 10 minutes.
DEMONSTRATION OF FIBRINOLYSIS
A second row of tubes was prepared as above except that the plasma was diluted in saline containing EACA at a concentration of 100 mg per 100 ml. Saline and EACA-saline dilutions of normal plasma and of equal volumes of patients' and normal plasma (to supply fibrinogen and plasminogen) were also set up. All tubes were incubated at 37°C and examined at intervals. Fibrinolysis was indicated by lysis of clots in plasma diluted with saline, in the absence of lysis in control normal plasma and in samples containing EACA.
ESTIMATION OF THROMBIN-COAGULABLE FI BRINOGEN
This was estimated by a modification of the method of Ratnoff and Menzie (1951) . Plasma, 0-2 ml, was diluted in 0-5 ml saline and 0-1 ml thrombin, 25 units per ml (Fibrindex, Ortho), was added. The tube was incubated at 37°C for 30 minutes. The fibrin clot was harvested, washed, and the protein content estimated with Folin and Ciocalteu's reagent, after alkaline digestion as described by Varley (1967 To test the effect of EACA on the estimation of fibrinogen, blood was taken into trisodium citrate containing EACA at a concentration of 1 g per 100 ml. Nine parts of blood were added to 1 part citrate-EACA so that the final concentration of EACA in blood was 1 mg per ml.
Protamine sulphate (Evans Medical Ltd) was diluted to 1 mg per 100 ml in normal saline and 0-1 ml was added to the tubes containing diluted plasma in the fibrinogen titre tests and fibrinogen assays. Calcium was introduced by dissolving the dried thrombin in 0025 M calcium chloride and substituting this for the saline solution of thrombin in the fibrinogen titre and assay methods.
Results
Fibrinogen titres and assays were performed on 88 normal plasma samples. The fibrinogen titres ranged from 1:32 to 1:128 and the assays ranged from 185 to 463 mg per 100 ml (mean 307, SD 77). Fibrinogen titres and assays were also performed on 39 samples from patients with increased plasma fibrinogen levels, and on 43 samples from eight patients with reduced levels. Six of these patients had the acute defibrination syndrome. Four of these had abruptio placentae, one had amniotic fluid embolus, and one had suffered multiple injuries. The diagnosis of the defibrination syndrome was based on the presence of a bleeding disorder with low fibrinogen levels, prolonged thrombin clotting time, thrombocytopenia, defective thromboplastin generation, and reduced levels of factor VIII.
Of the other patients in this group, one had received Arvin and one had been treated with streptokinase. The fibrinogen titres of these eight patients varied from nil to 1:32 and the assays from nil to 150 mg per 100 ml.
When the results of fibrinogen titres of all samples were compared with those of fibrinogen assays a general correlation was apparent (Table I) addition of protamine or calcium to samples with low fibrinogen levels due to the defibrination syndrome or Arvin therapy are shown in Table III . Epsilon aminocaproic acid had no significant effect and the presence of calcium resulted in only small and insignificant elevation of fibrinogen assays. The addition of protamine, however, caused consistent elevation of the fibrinogen titres and highly significant elevation of the fibrinogen assays (p < 0001). In none of these samples was fibrinolytic activity detected in the plasma.
The results of taking blood into EACA or the addition of protamine or calcium to plasma samples from two patients undergoing streptokinase therapy are shown in Table IV (Sharp et al, 1958; Bloom and Campbell, 1965 In normal plasma the presence of EACA, protamine, or calcium had little effect on the estimation of fibrinogen. In patients with the defibrination syndrome and those undergoing thrombolytic therapy, however, the addition of protamine caused considerable increase in the measured levels of coagulable fibrinogen. In these conditions it is likely that the polymerization of fibrin is abnormal due to the presence of fibrin or fibrinogen split products (Fletcher, Alkjaersig, and Sherry, 1962) or soluble intermediary fibrin polymer (Shainoff and Page, 1962) . In the present study it is probable that protamine more or less corrected the abnormal polymerization and that this accounted for the observed increase of fibrinogen levels.
Epsilon aminocaproic acid is a potent inhibitor of the fibrinolytic system. Higher fibrinogen levels were observed when blood from patients treated with streptokinase was taken into EACA than when it was taken into plain citrate. Unlike protamine, Although it is probable that the level of fibrinogen measured in the absence of protamine is most relevant to haemostasis a certain pattern of results emerged in the present study. In normal plasma the addition of protamine, EACA, or calcium had no significant effect on the measurement of fibrinogen. In the defibrination syndrome, when increased plasma fibrinolysis was not detected, the presence of EACA or calcium had no significant effect but higher fibrinogen levels were observed after the addition of protamine. In patients undergoing thrombolytic therapy the presence of calcium also had little effect but higher fibrinogen levels were observed in blood taken into EACA and after the addition of protamine.
In the acute defibrination syndrome it is necessary to distinguish rapidly between disseminated intravascular coagulation and increased fibrinolysis because inappropriate treatment may be harmful. As a result of this work we suggest that the following simple tests should be initially performed.
Blood is taken into EACA-citrate and into plain citrate and the fibrinogen titre performed on each sample. The fibrinogen titre with protamine is performed on the plain citrated sample. Whilst these tests are developing, a thrombin clotting time is determined and a platelet count set up, the former giving rapid information concerning the presence or absence of defibrination.
If the fibrinogen titre in plain citrated plasma is lower than in EACA-citrated plasma increased fibrinolysis is suspected and is confirmed appropriately (see Methods, and Hardisty, Ingram, and Sharp, 1964) . If, on the other hand, the fibrinogen titre is reduced in both EACA-citrated and plain citrated plasma but is higher in the presence of protamine the defect is more likely to be due to intravascular coagulation. This is confirmed in the presence of thrombocytopenia. We do not claim that this scheme is exhaustive and if time permits other investigations (Hardisty et al, 1964) should be performed. The scheme does, however, allow a reasonably rapid assessment which can easily be introduced into laboratory routine.
